tissue injury [14] [15] [16] . Infection rates at fracture sites of 16% and delayed unions of 14% are common sequelae encountered in severe open tibial fractures [15] .
Concomitant fibular fractures
High-energy distal tibial injuries involve concomitant fibular fractures in 80% of cases [17] . The presence of ipsilateral fibular fractures in distal tibial fractures has been correlated with a higher severity of injury than those without fibular fractures [18] .
Debating the need for fibular fixation
The need for fibular fixation in such fractures is controversial. Many agree that fibular fractures associated with syndesmotic or ankle mortise instability should be stabilised as malreduction of the ankle mortise has been shown to be a factor in poor functional outcomes, but there is no consensus over the role of fibular fixation in extra-articular fractures of the distal tibial metaphysis.
Load-bearing function of fibula
Lambert [19] demonstrated that the fibula has weightbearing function, carrying 1/6 of the load applied to the knee joint. With ankle in neutral position, load distribution to the fibula has been shown to average between 6% and 7% of the total load transmitted through both the tibia and fibula [20, 21] .
Fibular biomechanics
The fibula has also been shown to contribute to the biomechanical stability of the ankle mortise during gait. From plantarflexion to dorsiflexion of the ankle, Close [22] reported an increase in intermalleolar distance of 1.5 mm and lateral rotation of the fibular by 2.5°. This motion is in part due to the trochlear shape of the talar dome being wide anteriorly and narrow posteriorly. Scranton et al [23] demonstrated that the fibula descends approximately 2.4 mm during stance phase of gait. This deepening of the mortise during dorsiflexion of the ankle acts to create a close-pack stable position of the ankle in preparation for the toe-off phase of gait.
Significance of the interosseous membrane
The interosseous membrane between the tibia and fibula has been shown to function as a conduit for stress transmission, creating a load sharing function of the fibula. In a holographic investigation of cadaveric limbs, complete sectioning of the interosseous membrane decreased fibular load transference by 30% [24] . In another study, complete transection of the interosseous membrane decreased fibular strains to near zero [25] . These findings suggest that the tibia will bear most of the weightbearing stress in the presence of interosseous membrane disruption.
Historic rationale for fibular fixation in distal tibial fractures Ruedi and Allgower [1] , in 1969, described the principles and classic technique for open reduction with internal fixation of the distal tibial intra-articular fracture: Extensive surgery to these compromised areas frequently leads to soft tissue necrosis and should be avoided -re-establish fibular length; -reconstruct the articular surface of the distal tibia; -utilise autogenous cancellous bone to fill the tibial metaphyseal defect; -stabilise the tibia with a medial plate.
These principles have continued to be a standard of care as they identified the importance of fibular reconstruction and accurate restoration of the articular surface of the distal tibia as important criteria for good functional outcome in these fractures [1, 4, 5, [26] [27] [28] [29] [30] [31] [32] [33] . These clinical precepts corresponded with experimental studies that showed malreduction of fibular fractures at the level of ankle joint lead to abnormally increased focal pressure on the joint surface -a precursor to early degenerative arthritis [34, 35] .
The need for fibular fixation is unclear in extra-articular fractures of the distal tibial metaphysis, especially if the concomitant fibular fracture occurs above the level of the distal tibio-fibular syndesmosis. Although some authors recommend stabilising all concomitant ipsilateral fibular fractures, most agree that fixation should be performed if the fracture involves the distal tibiofibular syndesmosis or ankle mortise [2, 3, 9, [36] [37] [38] . This practice reflects results from studies demonstrating that the stability of the syndesmosis has a direct correlation with good clinical outcomes in ankle fractures [39] . Other authors have reported that adjunctive fibular fixation aids to reduce distal tibial fractures [12, 40] .
In general, adjunctive fibular fixation seems to lessen the risk of distal tibial malalignment, but only a few clinical reports have specifically evaluated this clinical impression. In a retrospective study, Egol et al. [13] evaluated the role of fibular fixation in maintaining alignment of distal tibial fractures stabilised with a statically locked intramedullary nail. Of the 72 cases, there was loss of tibial alignment in 1 of 25 (4%) patients who had the fibula stabilised as compared to 6 of 47 (13%) who did not. Late loss of distal tibial alignment was statistically associated with the lack of adjunctive fibular fixation. This contrasts to a report by Whittle et al. [37] where the absence of fibular fixation did not increase the incidence of malunion in distal tibial fractures stabilised with intramedullary nailing. In their series, fibular stabilisation was performed in 1 of 25 distal fourth tibial fractures.
Williams et al. [10] reported clinical outcomes of tibial plafond fractures with associated fibula fractures stabilised using monolateral external fixators spanning the ankle joint. They found no statistically significant difference in the incidence of late tibial malalignment between those who had the fibula plated and those who did not. Although the group treated with adjunctive fibular fixation were aligned better, there was a higher incidence of wound infections and nonunion at the site of fibula surgery. The investigators concluded that favourable clinical outcomes may be achieved without fibular fixation in such cases.
In Whorton and Henley's [38] retrospective review of 157 open tibial fractures with ipsilateral fibular injuries, there were no statistical differences in final fracture alignment, time to union or number of secondary procedures needed to achieve union between the groups defined by fibula stabilisation (all distal fibular fractures that involved the syndesmosis and ankle mortise were stabilised). They concluded that fibular fixation in the absence of syndesmotic and mortise-related injuries did not affect outcomes of open tibial fractures.
Several experimental models of mid-shaft tibial and fibula fractures have suggested there is improved mechanical stability of the tibia with adjunctive fibular fixation [41] [42] [43] . Kumar et al. [43] studied the effect of fibular plating on rotational stability in experimental distal tibial fractures stabilised with intramedullary locked nails. Using fresh-frozen and embalmed cadaveric legs, 5-mm segmental defects were created at the same level in the tibia and fibula 7 cm proximal to the ankle joint. A 9-mm intramedullary nail, statically locked with two distal and two proximal screws, was used to stabilise the tibia. A biaxial mechanical testing unit was then used to apply torque to the tibia. Specimens with plate fixation of the fibula demonstrated significantly less displacement when compared to the specimens without fibular plating in both fresh-frozen and embalmed specimens; however, there was no difference in rotational stiffness as the torque was increased.
The role of fibular fixation was also studied by Weber et al. [42] . An external fixator or locked unreamed intramedullary nail was used to stabilise a 2-cm segmental defect of tibial midshaft. Fixation of an oblique fibula fracture was accomplished with either plate and screws or an Enders intramedullary nail. Motion at the tibial defect was measured in compression and bending loads. The study demonstrated that additional stability of tibia conferred by fibular fixation depended on the method of both tibial and fibular fixation. The investigators concluded that the maximal reduction of tibial motion resulted from fibular plating coupled to tibial external fixation. Little benefit was accomplished by fibular plating or Enders nailing if the tibia was stabilised by a locked intramedullary nail.
In a cadaveric study by Morrison et al. [41] , a 2-cm mid-diaphyseal tibial defect with a 1-cm fibula defect at the same level was stabilised with a Vidal-Hoffman external fixator. The fibula was fixed with a standard 6-hole AO tubular plate in some specimens and the various constructs placed under axial and torsional loads. The study demonstrated that plated specimens had a 2.2 times increase in stiffness to axial loads but did not add resistance to torsion. The study proposed that fibular plating can add sufficient rigidity to tibial fractures for early weightbearing and concomitantly decrease the stress in the external fixation device and prevent loosening of half-pins.
Disadvantages of adjunctive fibular fixation in distal tibial fractures
Increased soft tissue envelope morbidity Prior studies have suggested fibular fixation may influence outcomes of distal tibial fractures favourably but significant complications have also been reported with this adjunctive stabilisation. High-energy fractures of the distal tibia are associated with a high incidence of soft tissue trauma compromising the soft tissue envelope; traditional methods of open reduction and internal fixation of the distal tibia are reported to be associated with a high incidence of wound infections and necrosis (Fig. 3a) [1, 29, 44, 45] . This high incidence of complications around wound compromise suggests a more limited open approach should be utilised to manage these injuries [33, 46, 47] . Correspondingly, open reduction internal fixation of the fibula has also shown an increased rate of wound complications (Fig.  3b) [10, 48] . Williams et al. [10] demonstrated a 23% incidence of wound infection at the fibular fixation site. In addition, the incidence of fibular nonunions was 9% with fibular fixation (possibly from further devascularisation on open surgical approach) in contrast to zero without fibular fixation. Marsh et al. [48, 49] demonstrated that the only wound complications encountered in distal tibial fractures stabilised with monolateral articulated external fixator were at sites of fibular fixation. Advocates of routine fixation of all concomitant fibular fractures to reduce the risk of distal tibial malalignment disregard a crucial point of avoiding additional soft tissue injury [9, 10, 48] .
Dynamisation of the distal tibia
Dynamisation of long bone fractures has been shown to accelerate periosteal callus formation and increase mechanical stiffness during early stages of bone healing [50, 51] . In addition, a more uniform callus formation is seen as a result of this controlled reduction of the fracture gap. Although the clinical benefit of dynamisation in fresh tibial fractures is debated, the technique is generally accepted as an essential method of stimulating fracture healing in delayed and nonunions [52] [53] [54] [55] [56] . Delayed and nonunion rates of the distal tibial fractures are reported at 13%-19% with intramedullary nailing with and without fibular fixation [11] [12] [13] . Mosheiff et al. [3] reported 42% of distal tibial fractures stabilised with intramedullary nailing required dynamisation after 6 weeks to accelerate bone healing; other studies have reported 11%-13% of distal tibial fractures needing the same [11, 12] .
Effects of an intact fibula
There are no studies that elucidate the effect of fibular fixation on union rates of tibial fractures. However, several clinical reports have demonstrated that fracture stability of the distal tibial with an intact or stabilised fibula does not ensure successful healing. Teitz et al. [17] examined the effects of an intact fibula associated with a tibial fracture. They found that distal tibial fractures in patients aged 20 years or older with an intact fibula had a 61% complication rate including 22% delayed union, 4% nonunion and 26% varus malunion. Other reports of delayed tibial fracture healing with an intact or healed fibula have suggested that an intact fibula may prevent cyclic compression of the fractured tibia necessary for physiologic bone healing. DeLee et al. [57] reported results of partial fibulectomy in 48 patients with ununited tibial fractures of at least 5 Fig. 3 Wound complication of soft tissue necrosis and exposed internal fixation is seen at the site of surgical exposure of a distal tibial metaphyseal fracture (a). A distal tibial fracture with fibular wound complication is seen at the site of adjunctive fibular fixation (b). The condition often requires a second procedure for debridement and removal of exposed internal fixation. Infection of the underlying bone is a concern a b months; a 2.5-cm resection of the fibula at the level of the tibial fracture was performed allowing dynamisation of the tibia within a patellar tendon brace. Seventy-seven percent achieved union after an average of 25 weeks. Their findings were consistent with other reports of delayed unions of tibial fractures successfully treated with fibulectomy [58] or fibular osteotomy [59] .
Treatment

Intramedullary nailing
The intramedullary nailing technique for diaphyseal fractures of the tibia gained popularity for its minimally invasive approach, preservation of the extra-osseous blood supply and ability to restore axial alignment. However, as indications expanded to the distal tibial metaphysis, an increase of malalignment was seen [2, 3, 7, [60] [61] [62] . Several factors are attributed: -comminuted fractures proximal or distal to the isthmus provide little guidance for distal tibial alignment [60] ; -eccentric nail orientation in the medullary canal from an inappropriate entrance angle may result in difficulty centring the nail in the distal fragment; -the use of a single distal locking screw.
Anatomic factors have also been attributed to malalignment problems. A widening of the tibia from the diaphysis to the metaphyseal segment distally decreases cortical contact and overall stability of the intramedullary nail (Fig. 4) . Due to this mismatch in core diameter in the distal tibial metaphysis, the intramedullary nail cannot be used as an aid in fracture reduction as can be done in the diaphysis [12] .
Distal locking screws have less cortical purchase in metaphyseal bone; as control of the intramedullary nail position in the distal tibial canal depends on these screws, there is increased stress at the screws to maintain fracture alignment. Consequently late complications, in particular loss of reduction, are attributed to implant failure at the distal locking sites of the intramedullary nail. This has been illustrated by a study showing a higher incidence of distal screw failure in unreamed intramedullary nails when used for distal metaphyseal tibial fractures [63] . Stresses are also increased in the presence of comminution or bone defects [37] .
Dynamisation of tibial fractures stabilised with intramedullary nails is often needed to provide a mechanical stimulus for osteosynthesis in delayed unions [3, 7, 12, 60] . However, shortening of the tibia has been reported as a complication after conversion from static to dynamic locking [60] . Dogra et al. [11] reported shortening in 20% of the distal tibial fractures stabilised with static intramedullary nailing; this has also been documented by others [64] [65] [66] . In a series of distal metaphyseal fractures treated with an unreamed nail, 40% of fractures without comminution required dynamisation of the intramedullary nail; of the comminuted types, 43% required second surgery, 64% healed with dynamisation and 36% required bone grafting [3] .
External fixation
External fixation is widely used for high-energy tibial pilon fractures due to the ability to span across compromised soft tissues [49, [67] [68] [69] [70] . These techniques have decreased complications by allowing a less invasive approach to fixation of the distal tibia. Tornetta et al. [71] reported the use of a femoral distractor spanning the ankle joint in a pilon fracture, demonstrating that an external fixator could restore tibial length without fixation of the fibula. Fibular fixation has not influenced the loss of reduction in extra-articular distal tibial fractures when stabilised with a spanning external fixator, suggesting the added surgery may not provide a signifi- cant benefit over the risk of wound complications [10, 67] . Therefore, adequate stability may be accomplished by the external fixator alone such that those distal tibial fractures with fibular fractures above the level of the syndesmosis should not require adjunctive fixation (Fig. 5) . Additionally spanning and articulated external fixators can restore fibular length, alignment and stability by ligamentotaxis and by virtue of half-pins inserted into the neck of the talus and calcaneum [48] . Designs of monolateral external fixators have been shown to provide different degrees of mechanical stability [72] [73] [74] [75] [76] . These properties are important in achieving sufficient control for early weightbearing and preventing late malalignment. In the study by Jaskulka et al. the Orthofix monolateral fixator retained the highest mechanical stability after dynamisation as compared with the Marin Monodynafix and AO tubular fixators (in a single-plane, doubletube, unilateral configuration) [77] . Furthermore, the ability to reduce fracture gaps by adjusting the telescopic body (Fig. 6 ) in comminuted distal tibial fractures may be complemented by fracture callotasis techniques, thereby restoring length and decreasing the need for bone grafting. Releasing a different axial constraint of the telescopic body also allows for controlled axial dynamisation, without loss of significant length -a property useful for distal tibial fractures demonstrating delayed healing.
Pin tract infections are the most common complication of external fixation, reported at between 0.9% and 60% [55, [78] [79] [80] [81] . The large variation is likely due to the retrospective nature of the studies and a lack of a definition of infection or protocol for treatment. In addition there is little conformity of pin placement techniques, including atraumatic techniques to minimise soft tissue damage of pin insertion, abiding by the safe zones of pin placement or overall management of pin tract care -all of which are associated with pin tract complications [80] . De Bastiani et al. [55] reported the placement of 1525 half pins, of which only 14 pin tract infections (0.9%) were noted, but 'infection' was defined as persistent drainage and inflammation despite antibiotic therapy, followed by pin loosening. 
Conclusions
The case for fibular fixation in extra-articular distal tibial fractures, when the fracture does not involve the syndesmosis or ankle mortise, has not been established. The additional trauma of internal fixation may induce greater morbidity. With such tibial fractures, stabilisation with intramedullary nailing or with an external fixator is sufficiently stable and carries little risk of soft tissue morbidity or late stage malalignment. Additionally, the use of a dynamic axial fixator would provide advantages of controlled dynamisation and closure of fracture gaps.
